1. Introduction. - There is a growing interest in the theory of magnetic properties of superconducting micro-networks [1] [2] [3] , see also [4] . This theoretical activity has been stimulated by experimental results on percolation networks of granular superconductors (see references quoted in [1] ). Networks made of thin superconducting wires (or films) show interesting forms of phase diagrams when they are exposed to an external magnetic field. In this article we illustrate these phenomena by discussing the example of two loops connected by a common boundary (Fig. 1 ). Our analysis may be helpful for the discussion of similar geometrical systems.
As in references [1] [2] [3] [4] we assume the thickness d of the network branches to be much smaller than the penetration depth ~,(T~. This means that the magnetic field created by the induced supercurrents in the loops can be neglected, and further, that in a first approximation the system can be treated as if d were infinitely small. Hence, on each intersection-free branch of the system the superconducting order parameter 4 (s) depends only on the curvilinear parameter s, denoting the distance from a fixed point on the branch.
We will calculate the critical magnetic fields of the loop system in figure 1 (restricting ourselves to second order phase transitions). These fields can be determined from the solutions of the non-linear Ginzburg-Landau equation [4] ), and the equivalence of the phase transitions obtained from the linear and the non-linear Ginzburg-Landau equations can easily be verified.) 2 . The two-loop system (Wheatstone bridge).
If we apply equation (6) to the network shown in figure 1 (1) and yi, y~ y, are defined according to (5) (where j = 1, k = 2). We take a gauge such that ~=0. This is achieved e.g. with a Landau-gauge A = (0, H, 0), where H is the external magnetic field perpendicular to the plane of the network. Hence ~(2013 1',) is the magnetic flux through the left (right) hand part of the loop system, and /&#x3E; = ~ 2013 ~ is the total flux. Equations (7), (8), (9) are formally invariant under any deformation of the loop system for which yi remains zero. (E.g., the outer branches may be segments of circles.)
We first consider the symmetric geometry (b = c, i.e. 8~ = 0,. = 6/2, y~ _ -yr = ~ j2). In this case /3 is real and equation (7) (1) vanish.
For points (4), 0) between the 0-axis and the nearest line of solutions (full or broken line, whatever comes first) the system is in the normal state, since here no solution of the non-linear Ginzburg-Landau equation (1) exists. Thus the left hand boundary of the line pattern represents the phase boundary ~(e) for the second order phase transition between the normal and the superconducting states. (We remember that 0 is the total circumference of the loop system divided by ~(T).) In figure 2a the phase boundary is a sequence of line sections which alternately (7) for the system shown in figure 1 , with the geometry a = b = c, and a length of the inner branch equal to a. The two lines marked by b are the corresponding first solutions (for lowest 8-values) for the geometry a = b = c, and a length of the inner branch equal to 6!. ~ is the total flux through the loop system (in units of bc/2 e). 0 is the total outer circumference divided by ~(7"). represent the symmetric (full line) and antisymmetric (broken line) solutions of the linear system (7) .
The form of the phase boundary varies with the geometry of figure 1. The two lines denoted by the letter b are the first two solutions for the geometry 9, = 2 01. All other lines in figure 2a represent solutions of the case 8i = (J,/3. We see that the total superconducting area is larger in the first case.
In reference [3] two limits of equations (10) Thus if cp is increased on the line BB' the system is always superconducting, but the order-parameter and the free energy vary periodically with 0, with a period ~~ = 2 n (4) in units of 1ic12 e). Along the line AA' however the superconducting and the normal state alternate.
The situation of the two-loop system (Fig. 2a) figure 2a (for a definite geometry) .
The phase boundary (()(r) can be measured in an experiment of Little-Parks type [6] . For a two-loop system adjacent maxima of the trapsition temperature are not identical as a consequence of the difference between symmetric and antisymmetric solutions (Fig. 2a) , in contrast to a simple loop (Fig. 2b) . Figure 2a suggests figure 2a .) When 0 is increased, the system alternates between the superconducting and the normal state similar to a simple loop. However, for a two-loop system adjacent superconducting areas are not identical, i.e., one has a superposition of two periodic behaviours, each of period A~ = 4 ~, one associated with the symmetric, the other with the antisymmetric solutions. For 0 &#x3E; 02 the system is superconducting for any flux i.e., there is no critical magnetic field (in our approximation).
Let us replace in figure 2a the flux variable 0 by y = l/J/2, corresponding to the flux through only one of the two symmetrical loops. Now the distance between identical points on the phase boundary is equal to Ay = 2 ?c. This suggests the following experimental situation : we perform a Little-Parks experiment for a simple loop (here adjacent minima of the transition temperature are a quantum of flux apart). After that we « glue » to it a second, identical loop to obtain the symmetric case of figure 1 and repeat the experiment Then additional minima appear halfway between those of a simple loop (i.e., the distance between adjacent minima is now half a quantum of flux).
We next consider the asymmetric case of figure 1 (b =A c) (7) for the asymmetric case of figure 1 (c = a, b = 2 a, the length of the inner branch is equal to a). [4] ) (ø in units of (%c/2 e), L is the total circumference of the loop system). This is a straight line beginning at ø = 0, 0 = 0 and ending at ~(0(T = 0)), 8(T = 0). Equation (14) has been derived for a simple loop, but it should also be valid for the two-loop system due to the similarity (for d = 0) of the two order parameters in the vicinity of critical points on the envelope (0-axis). A thorough discussion of the phase boundaries of a hollow cylinder of finite wall thickness, including superheating and supercooling effects is given in [7] . 3 . Currents and velocities. - The usual definition of the current (e.g., Eqs. (6) Since ~ is generally different from zero, the velocities through both the inner and outer branches are non-zero in general. This explains in figure 3 the disappearance of the local temperature maxima at 0 = (2 n, 4 n) x integer present in the symmetric case of figure 2a. For a totally asymmetric loop system the phase boundary is aperiodic. This means that (due to velocities in the loops which never completely vanish) the bulk transition temperature is never attained, except for zero field.
